ABSTRACT. Bats are important flagship species for biodiversity research; however, diversity in Southeast Asia is considerably underestimated in the current checklists and field guides. Incorporation of DNA barcoding into surveys has revealed numerous species-level taxa overlooked by conventional methods. Inclusion of these taxa in inventories provides a more informative record of diversity, but is problematic as these species lack formal description. We investigated how frequently documented, but undescribed, bat taxa are encountered in Peninsular Malaysia. We discuss whether a barcode library provides a means of recognizing and recording these taxa across biodiversity inventories. Tissue was sampled from bats trapped at Pasir Raja, Dungun Terengganu, Peninsular Malaysia. The DNA was extracted and the COI barcode region amplified and sequenced. We identified 9 species-level taxa within our samples, based on analysis of the DNA barcodes. Six specimens matched to four previously
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INTRODUCTION
Bats (Order Chiroptera) play a crucial role in nature conservation. Action to protect bat species, and specifically their habitat, confers protection to a broad range of taxa that are also restricted or endemic to the natural area under threat. The assessment of bat species diversity (alpha, beta) is important for the designation of new protected areas and for directing and prioritizing conservation measures within existing ones. However, despite being well-studied and taxonomically "well-known", diversity in Southeast Asia is considerably underestimated in the common checklists and in field guides.
The incorporation of DNA barcoding (Ratnasingham and Hebert, 2007) into bat surveys has suggested the frequent occurrence of cryptic taxa overlooked by traditional (morphological) methods (Borisenko et al., 2008; Francis et al., 2010) . The recognition of these cryptic taxa provides a more informative record of diversity; however, this is problematic, as they lack formal taxonomic status (i.e., formal description). They are so-called "dark" taxa (Maddison et al., 2012) .
Here, we investigated how often dark bat taxa are encountered in Peninsular Malaysia and discuss how the barcode library provides a means of recognizing and recording these taxa across biodiversity inventories in the absence of formal taxonomic names.
MATERIAL AND METHODS
Bats were trapped at Pasir Raja, Dungun Terengganu, Malaysia (4°35.413'N, 102°57.097'E) with permission from the Department of Wildlife and National Parks (Perhilitan) to RR, using harp-traps, during routine fieldwork conducted by the Institute of Biological Sciences, University of Malaya. Tissue was sampled from wing membranes into 99% ethanol using standard protocols (AMNH, 2012) .
DNA was extracted from 13 specimens using a Nucleospin kit (Machery-Nagel, Germany) following manufacturer instructions. The DNA barcode segment of COI mtDNA (~650 bp) was PCR amplified using standard techniques (Wilson, 2012) and the primer pair C_VF1LF and C_V1LR (Ivanova et al., 2012) . PCR products were sent for sequencing at a commercially available service (MYTACG-Kuala Lumpur, Malaysia), using the M13R tail primer (Ivanova et al., 2012) .
The resulting DNA barcodes were uploaded to the BOLD (Ratnasingham and Hebert, 2007) project "Small Mammals Malaysia2" and assigned to species on the basis of matches to the "Full Database" (Table 1) . A neighbor-joining tree of K2P distances was plotted in MEGA 5 (Tamura et al., 2011) using all the publicly available Hipposideros barcodes from BOLD (Ratnasingham and Hebert, 2007) .
RESULTS
DNA barcodes were successfully amplified and sequenced from 13 specimens. On the basis of the DNA barcode results, we found that the sample contained 9 species (Table 1) . Of these 9 species, 4 species (44%) were dark taxa within the genus Hipposideros (Figure 1) Table 1 . Name, similarity and GenBank accession number of the closest matching barcodes to our thirteen specimens.
DISCUSSION
Field identifications of bats in Southeast Asia can be extremely challenging (Medway, 1978) even though comprehensive field guides are available (e.g., Francis, 2001) . Definitive identifications require analysis of internal morphology (skull, dentition) and often comparison with reference material (Borisenko et al., 2008; Francis et al., 2010) . Field identifications remain questionable unless voucher specimens are retained which is often impossible due to government controls and ethical concerns. An alternative is to use a bat detector -a device that detects the presence of bats and attempts species determination based on echolocation ultrasound signals. However, echolocation call frequency is influenced by various factors: body size, body condition and humidity, as well as the presence of ecologically similar species, limiting its utility for species identification (Guillén et al., 2000) .
DNA barcoding offers a means of overcoming these taxonomic impediments by enabling the identification of a specimen to a species by comparing a standardized fragment of its DNA against a library of DNA fragments of known origin. DNA can be recovered, routinely, from small tissue samples, non-lethally, for example, from hair and wing punches (Pfunder et al., 2004; AMNH, 2012) . Molecular approaches have been applied to bat taxonomy in Southeast Asia and have highlighted the presence of many "cryptic" species (Francis et al., 2010) . A combination of molecular and echolocation call analyses has validated a number of cryptic species within the family Hipposideridae (Kingston et al., 2001; Jones and Barlow, 2004; Thabah et al., 2006) . While these taxa have been documented for over 10 years, their inclusion in checklists is problematic since they currently lack formal taxonomic status; they are "dark" taxa (Maddison et al., 2012) .
In our study, we found that dark taxa are frequently encountered during routine bio- diversity inventory of bats in Peninsular Malaysia. Our records of Hipposideros cf. larvatus-CMF04, H. bicolor142, H. bicolor131 and H. cervinusCMF02 would not have been possible without the integration of DNA barcoding into our inventory. We suggest that routine inclusion of DNA barcoding in the assessment of tropical bat diversity not only has the advantage of providing a means of accurate yet non-lethal species identification but also allows for the recognition and documentation of dark taxa across inventories providing a more precise and accurate estimate of alpha and beta diversity. Due to the well-recognised taxonomic impediment, the number of dark taxa is only going to increase (Maddison et al., 2012) , but the presence of these species cannot be ignored. DNA sequences are already the de facto universal communication tool, providing anchor points for data associated with specimens and (undescribed) species (Wilson, 2011) . Due to a competitive market place and rapid technological advances, a DNA barcode can be obtained very easily and inexpensively for less than US$ 10 per specimen in Malaysia, making the method easily accessible to biodiversity researchers.
